A procedure was developed to isolate polyribosomes from plant ceil cultures. Tobacco callus extracted in 10 MM MgCI2, 80 mm KCI, 250 mm sucrose, and 140 1M tris-HO (pH 8.2) yielded larger amounts of polysomes than cells extracted in higher or lower ionic strength or pH buffers. Optimal conditions for extraction of polysomes from soybean callus were identical except the most suitable pH for recovery was 8.5. Addition of the divalent cation chelator, ethylene glycol-bis(2-aminoethyl ether)-tetraacetic add (EGTA) to the extraction medium improved polysomal yield from tobacco and soybean cultures. Polysomes were successfully extracted from potato, tomato, corn, and barley cell cultures in extraction medium supplemented wth EGTA.
Potential use of tissue culture for the production of natural products, genetic improvement in crops, the recovery of diseasefree clones, and as a tool to explore morphogenesis is now being realized. The role of nucleic acids in organogenesis has been investigated. Changes in patterns of RNA synthesis and certain nucleotides have been associated with shoot initiation in Cichorium intybus leaf sections. An initial period of callus formation in explants was associated with high rate of RNA synthesis, and subsequent shoot initiation was related with a rise in the UMP to CMP ratio (16) . Kovacs (7) noted that shoot formation in Nicouiana tissue followed an increase in RNA to DNA and histone to DNA ratios. Further studies on the changes in RNA metabolism during organogenesis will require isolation of polysomes to facilitate purification of mRNAs for further analysis in cell-free protein synthesis systems.
Procedures to isolate polysomes from plant tissues require conditions that minimize the effects of RNase. To obtain satisfactory polysome recovery, extraction media have contained RNase absorbents in the presence or absence of detergents (2, 8, 14, 17, 18) , high ionic strength buffers (1, 4, 8, 15) , and high pH (1, 4, 8) . The combination of high pH and high ionic strength buffers has been most effective with a variety of plant tissues (1, 3, 4, 8, 14) . Recently, Jackson and Larkins (6) reported that the addition of the divalent cation chelator EGTA2 improved the yield of polysomes from unexpanded tobacco leaves and extraction of polysomes from expanded leaves required the chelator. This additive presumably reduced polysome aggregation caused by Ca2+ and other divalent cations. We (12) ; soybean and tomato cultures were maintained on R3 medium. R3 medium is composed of Linsmaier and Skoog (10) minerals and carbon source supplemented with 0.5 mg pyridoxine, 0.5 mg nicotinic acid, 1 mg thiamine-HCI, 5 mg IAA, 0.3 mg kinetin, and 0.5 mg 2,4-D/l of medium. Corn and barley cultures were maintained on B5 medium of Gamborg (5) supplemented with 2 mg of 2,4-D/l of medium. Wheat and potato cultures were maintained on Linsmaier and Skoog (10) minerals and carbon source supplemented with 0.5 mg thiamine-HCl, 0.5 mg pyridoxine-HCl, 0.5 mg nicotinic acid, 2 mg 2,4-D, 2 mg IAA, and 0.3 mg kinetin/l of medium. Tobacco and soybean cells were incubated under 3.7 kerg/cm2 sec of fluorescent ight; the remaining cultures were incubated in the dark.
Preparation of Polyribosomes. Two g of cells were soaked for 2 min in 10 ml of grinding buffer (10 mM MgCl2, 80 mm KCI, 250 mm sucrose, 2.5 mm DTT, 140 mm tris-HCI [pH 8.2]). The cells were then drained on a filter, and gently disrupted in 4 ml of grinding buffer with the aid of a conical tissue grinder. The resulting brei was passed through Miracloth (Calbiochem), clarified by centrifugation at 1,000g for 5 min, and the supernatant centrifuged at 35,000g for 15 min. The supernatant was incubated at 4 C for 10 min after the addition of 0.2 ml of 20% Triton X-100. The mixture was subsequently layered over a cushion of 1 ml of extraction buffer made 0.87 M with respect to sucrose and centrifuged at 134,000g for 90 min. The supernatant and cushion were removed and the pellet was resuspended in the appropriate extraction buffer with the aid of a rubber policeman. The extract was then layered over a linear sucrose gradient (4, 7, 7, 7 ml of 100, 200, 300, and 400 mg/ml sucrose, respectively, in gradient buffer) and centrifuged in a Spinco SW 25.1 rotor at 74,000g for 90 min. Gradients were monitored at 254 nm using an ISCO UV monitor and fractionator. Areas of different polysomal constituents were measured with a Lamda Instruments Corp. portable area meter model Li 1-3000 for quantitative comparison of their absorbancy in density gradients. Most experiments were repeated three times.
RESULTS
Previous work on conditions to isolate polysomes from expanded or unexpanded leaves (2, 6) , stem segments (4), and embryos (18) revealed that salt concentration, buffer concentra- tion, and pH affect polysome recovery. Concentrations of KCI, MgCl2, tris, or pH were varied to determine optimal conditions for the recovery of polyribosomes from callus cultures.
Polysomes were isolated from tobacco callus 60 to 72 hr after transfer to fresh medium. Several components have been identified by sedimentation rates and RNase susceptibility ( Fig. 1 ). These are: ribosomal subunits (s), monosomes (m), and classes of polymerized ribosomes which have been designated "mers" (3) . The mers are presumed to be various numbers of ribosomes bound to mRNA and sediment as dimers (2-mers), trimers (3-mers), continuing through 6-mers, the last resolved by this gradient.
Recovery of polysomes from tobacco callus, as measured by increased absorbance in the gradients, was improved when the Mg2+ concentration was increased from 2 mm to 15 mm (Fig.  1A) . Polysomal yields were not increased further when the concentration of Mg2+ was raised above 15 mm. Polysome profiles were altered when the concentration of KCI was increased from 20 to 80 mm (Fig. 1B) . The chloride salts of Li+, Na+, and NH4+ added to the extraction medium were compared to K+ all at 80 mm concentration. The stability was essentially the same for all of these cations. Extraction of polysomes in 140 mm tris resulted in best yields of fast sedimenting material (Fig. 1C ). Larger polyribosomes (>5-mers) were not resolved by the 100 to 400 mg/ml sucrose gradients as the yields of polyribosomal material increased. Better resolution of large mers was obtained by using a different gradient (4, 6, 6, 8 ml of 150, 300, 450, 550 mg/ml sucrose, respectively, in buffer). For consistency, the results reported here are for the 100 to 400 mg/ml sucrose gradients. Concentrations of 100 or 200 mm tris decreased polysomal yields. Extraction medium in the pH range from 7.8 to 8.4 revealed that pH 8.2 was superior (Fig. 1 , C and D) (polysomal profile for extraction medium pH 8.4 is not shown but was similar to 8). Treatment of the polysomal extract with RNase before gradient analysis converted nearly all polysomes into monosomes, indicating that there was little nonspecific aggregation of monosomes into fast sedimenting material.
Addition, individually, to the extraction medium of sodium deoxycholate (1%), yeast RNA (10 mg/ml), bentonite (10 mg/ ml), or diethylpyrocarbonate (0.1%) did not improve the yield of polysomes nor did freezing the cells in dry ice before disruption.
Conditions for Isolation of Ribosomes from Soybean Calus. The optimal buffer-salt combination (10 mM MgC12, 80 mM KCI, 250 mm sucrose, 140 mm tris [pH 8.2]) for obtaining polysomes from tobacco callus was used as the starting buffer to extract polysomes from soybean callus. Increasing or decreasing the concentration of MgCl2, KCI, or tris in the extraction buffer did not increase yields of polysomes (Table I ). The increase in stability of polysomes is illustrated by the increase in the ratio of .5-mers to <5-mers (6) . Jackson and Larkins (6) reported that this method of determining the polysomal yield was superior to 
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that of comparing the ratio of monosomes to polysomes. Increasing the pH of extraction medium from 8.2 to 8.5 increased the amount of .5-mers by approximately 30%. Extraction of polysomes from soybean cells in buffer at pH 9 decreased large polysomal material when compared to polysomes extracted at pH 8.2 or 8.5. The optimal conditions for extraction of polysomes from soybean callus appear to be similar to those for tobacco.
Effect of EGTA on Polysomal Recovery from Tobacco and Soybean Cultures. Recently, the use of EGTA, a chelator with high affinity for Ca2+, Cu2+, and Zn2+, improved the recovery of polysomes from unexpanded tobacco leaves, while successful isolation of polysomes from expanded leaves required the presence of the chelator (6) . When polysomes were isolated from either tobacco callus or soybean callus in 10 mM MgC92, 80 mM KCl, 250 mm sucrose, 140 mm tris (pH 8.2 for tobacco or 8.5 for soybean) supplemented with 20 mM EGTA, the polysomes were destroyed. If the concentration of MgCl2 was increased in the above buffer to 35 mm, an increased yield of -5-mers was obtained (Fig. 2 ) from tobacco or soybean cultures. Jackson and Larkins (6) noted that the concentration of Mg2+ must exceed the concentration of EGTA to obtain substantial yields of 5mers.
Isolation of Polyribosomes from Callus. Using the extraction medium (35 mM MgCl2, 80 mM KCI, 20 mM EGTA, 140 mM tris [pH 8.2] ), polysomes were extracted from tobacco, soybean, potato, tomato, corn, and barley cultures (Table II) . High ratios of .5-mers tos5-mers were obtained in all cases; however, the ratios for polysomes from tobacco, soybean, and tomato were better than those for the other cultures. The considerably smaller amount of .5-mers isolated from corn and barley cultures may have been due to less than optimal conditions for isolation. The lower ratio may be due to the slow growth rate of these cultures when compared to tobacco callus. 
DISCUSSION
We have described conditions to isolate polysomes from plant cell cultures. The pH and ionic strength of the medium greatly influence the yield of polysomes. Polysome degradation was inhibited at high pH (8.2-8.5 ) and high tris concentrations. The optimal conditions for the isolation of polysomes from tobacco callus and tobacco leaves appear to be somewhat different. Jackson and Larkins (6) reported that optimal yields from unexpanded leaves were obtained by tissue extraction in 200 mM tris-HCI (pH 9), 400 mm KCI, 200 mm sucrose, and 35 mm MgCl2.
It appears that optimal conditions for the isolation of polysomes from tobacco callus require lower ionic strength and pH buffers.
A possible reason for the great difference in KCI concentration may be due to the ability of a high salt concentration to release polysomes from membranes, thus increasing yields. In our case, Triton X-100 was added to release polysomes from membranes, which may reduce the necessity for high KCI concentrations in the extraction medium.
The extraction medium (5 mM MgCl2, 15 mm KCl, 250 mM sucrose, 50 mM tris-HCl [pH 7.5] plus diethylpyrocarbonate) to isolate polysomes from soybean hypocotyls is quite different from that described here for soybean callus (9) . If the RNase inhibitor diethylpyrocarbonate was omitted from the extraction medium, optimal conditions required higher tris concentrations (200 mM) and high pH (8.5) conditions corresponding more closely to those for soybean callus.
One reason that a single isolation medium to isolate polysomes from callus cultures was successful, while quite different buffers are required to isolate polysomes from various plant sources, may be due to the similarities in culturing callus. All cultures are maintained in an acidic medium (pH 5.5-6) and obtain their energy from simple sugars.
